Abstract: Recent studies have reported shallow and deep seep areas offshore Mocha island. Gas hydrate occurrences along the Chilean margin could explain seeps presence. Gas phases (gas hydrate and free gas) and geothermal gradients were estimated analysing two seismic sections. Close to Mocha island (up to 20 km) were detected high (up to 1900 m/s) and low (1260 m/s) velocities associated with high gas hydrate (up to 20 % of total volume) and free gas (up to 1.1% of total volume) concentrations respectively. These values are in agreement with a variable and high geothermal gradient (65 to 110 °C/km) related to high supply deep fluids canalised by faults and fractures. Faraway from Mocha island (more than 60 km), free gas concentrations decrease to 0.3 % of total volume and low geothermal gradient (from 35 to 60 °C/km) are associated with low fluids supply. Finally, we propose gas hydrate dissociation processes as the main supply source for seeps in the vicinity of Mocha island. These processes can be triggered by ancient sliding reported in literature.
Introduction
The studies regarding gas hydrate occurrences worldwide are important for three main reasons: a) energy resource; b) submarine geohazard and c) global climate change [1] . Gas hydrate distribution has been mapped mostly by using indirect measurements. From multichannel seismic data, it is possible to detect the principal indicator of gas hydrate presence known as bottom simulating reflector (BSR). The worldwide distribution of BSR occurs mainly in marine sediments along the active continental margins (predominantly circum-Pacific belt) and the permafrost regions (Antarctic and Arctic).
In Chile the interest for gas hydrate occurrences plays an important role due to the high seismicity that characterises the entire region. Several scientific studies have reported gas hydrate dissociation triggered by earthquakes e.g. Great Sumatra, Japan and Norwegian margins [2-6]. The BSR along the Chilean margin is recognized in the continental slope covering a wide extension close to 3000 km (from 33°S until 56°S). In this context, gas hydrate estimates contribute to evaluate submarine geohazards associated with gas hydrate dissociation and the potential methane reservoir. Moreover, the estimates of methane stored as gas hydrate and free gas phases in marine sediments can be used to model more realistic scenarios associated with gas hydrates dissociation and its effects as a greenhouse gas. Several studies along the Chilean margin have reported gas phases concentrations by modelling the seismic velocity [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] covering already 10% of the entire margin.
The present study add new information regarding gas phase concentrations southernwards offshore Mocha Island by using seismic and theoretical velocity models (Fig. 1) . The Mocha island is characterised by active seismicity and constitutes an uplifted block during the Quaternary and emerged today in the Arauco peninsula [17, 18] . Moreover, Mocha island is known by intertidal and 2 of 11 subtidal gas seepage system [19, 20] and deeper seeps at 1400 water depth [21] , whose presence probably is related to gas hydrates dissociation. In this context, gas phases estimates contribute to map and understand its role in fluid escapes supply.
In order to quantify gas phases a procedure already tested in previous studies is performed [11] [12] [13] [14] [15] [16] 22] . The method includes: a) Obtaining seismic velocity model by using Kirchhoff Pre-Stack Depth Migration (PSDM); b) Velocity anomalies evaluation; c) Gas phases estimates by fitting seismic velocity with theoretical velocity and d) Geothermal gradient calculation by using seafloor and BSR depths and water bottom temperature. 
Materials and Methods

Seismic Data
RC2901-731 and SO161-35 seismic lines were analysed. Seismic data were acquired during 1988 and 2001 in the framework of ODP (Mid-Ocean Spreading Ridge, Chile Ridge; RC2901-731 seismic line) and SPOC (Subduction Processes off Chile; SO161-35 seismic line) projects, respectively. Seismic acquisition parameters are detailed in Table 1 . Open-source Seismic Unix [23] software was used to perform the seismic processing. CIGs; when the events became flats, the velocity layer is fixed and a new horizon is analysed. The 14 number of iterations of each layer necessary to flat the events are detailed in Table 2: 15 16 
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The TBSR is based on gas hydrate stability curves reported by [28] . Finally, ZBSR and ZSEA were taken 32 from seismic data analysis.
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2.4 Gas phase concentrations
35
Gas phases (gas hydrates and free gas) concentrations are estimated by using a simplified are evidenced from 4 to 16 km of distance (Fig. 2) . Note that in this section from 16 to 25 km of 53 distance, the BSR is weak or disappear (Fig. 2) . In both sections, the BGR is detected and it is 54 characterized by an average thickness of about 70 m (see blow-up in Fig. 2 ).
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The 
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(ranging from 1700 m/s to 1900 m/s) were recognized above the BSRs (Fig. 2) . In both sections, faults
60
and fractures with small slips affecting the seafloor were identified in correspondence to low velocity 61 values (Fig. 3) . Moreover, in the eastern part of the SO161-35 section a submarine canyon was 62 identified (Fig. 2 and Fig. 3 ) and a normal fault that configures a lower and upper sector of the 
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Variable gas hydrate and free gas concentrations were identified, even if the gas hydrate average 66 concentrations are equal to 7.5% of total volume in both sections. On the contrary, the free gas average to deformation processes. On the other hand, the highest free gas concentration located near the
140
Mocha island would be related to the gas hydrate dissociation associated to past sliding processes 141 reported by [40] or free gas stored below an impermeable gas hydrate layer (see Fig. 5 ), while the 142 lowest free gas concentrations across RC2901-731 seismic line can be explained by lower fluid supply 143 from deep zones and high fluid escape rates preventing free gas storing. These fluid escapes are
144
canalised by faults and fractures affecting seafloor and releasing gas like seeps.
145
Finally, considering high gas hydrate (average 7.5 % of total volume) and free gas concentrations
146
(0.4 % of total volume) reported in this study, we conclude that close to the Mocha island gas hydrate 147 dissociation processes occurring in the past and, potentially, in the present can constitute the main 148 seepage supply source along this part of the Chilean margin.
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